The pivotal role of intracellular calcium in oxaliplatin-induced inhibition of neurite outgrowth but not cell death in differentiated PC12 cells.
The antineoplastic efficacy of oxaliplatin, a widely used anticancer drug, is restricted by its adverse effects such as peripheral neuropathy. Infusing a combination of calcium gluconate and magnesium sulfate (Ca/Mg) suppresses the acute neurotoxic side effects of oxaliplatin, although the mechanism is unclear. To elucidate the molecular mechanisms of oxaliplatin-induced neurotoxicity and the effects of Ca/Mg against this toxicity, we examined the effect of Ca/Mg on oxaliplatin-induced inhibition of neurite outgrowth in PC12 cells, a commonly used neuronal cell model. Oxaliplatin and oxalate suppressed nerve growth factor (NGF)-induced neurite outgrowth and reduced the NGF-mediated increase in the intracellular calcium concentration [Ca(2+)](i). A calcium-chelating agent, BAPTA/AM, also exhibited similar inhibitory effects on neurite outgrowth and [Ca(2+)](i). The addition of Ca/Mg attenuated these inhibitions induced by oxaliplatin and oxalate. The NGF-induced upregulation of growth-associated protein-43 (GAP-43) was suppressed by oxaliplatin and oxalate. Oxaliplatin, but not oxalate, suppressed NGF-stimulated extracellular signal-regulated kinase activation, and this inhibition was not affected by Ca/Mg. Ca/Mg did not modify the oxaliplatin-induced loss of cell viability or apoptosis in PC12 or HCT-116 cells, a human colorectal cancer cell line. These results suggest that the inhibition of neurite outgrowth but not tumor cell death induced by oxaliplatin is partly associated with reductions in [Ca(2+)](i) and GAP-43 expression, and this inhibition was suppressed by the addition of Ca/Mg. Therefore, it may be assumed that Ca/Mg is useful for protecting against oxaliplatin-induced neurotoxicity without reducing the antitumor activity of oxaliplatin.